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(54) UTHIUM-NICKEL COMPOSITE OXIDE FOR UTHIUM SECONDARY BATTERY POSITIVE 
ELECTRODE ACTIVE MATERIAL AND LITHIUM SECONDARY BATTERY USING THE 
COMPOSITE OXIDE 

(57)Abstr3ct: 

PROBLEM TO BE SOLVED: To provide a lithium 
secondary battery having a large discharging capacity 
and good cycle characteristics and manufacturable at a 
low cost by making proper the composition and particle 
structure of lithium nickel composite oxide used as 
positive electrode active material. 

SOLUTION: Secondary particles having a mean particle 
size of 5-30 juvn are formed by coagulating the primary 
particles 1 having a mean particle size of 1-8 jurr\ 
expressed by the formula Lix-yAyNil-zMz02, where A is, 
one or more of alkali metals excluding Li and alkali earth 
metals. M is one or more of Go, Mn, Cr, Fe, V, and Al. 
and conditions should be met such that 0<x<1, 0<y<0.2, 
0<x-y<1 , x+y^1 . and 0<z<0.5, and the obtained lithium- 
nickel composite oxide in which the percentage of voids 
in the secondary particles 2 is 30% or less is used as 
positive electrode active material, and thereby a lithium 
secondary battery is established. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.9iciic9Me shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]Empirical formula Lix-yAynickel^^^M^Og (A) One or more sorts chosen from an alkaline 
metal except Li, and alkaline-earth metals; M. It is expressed with more than 1 sort;0<x<=1;0 
<=:y<=0.2;0<x-y<=1;x+y<=1;0 <=z<=0.5 chosen from among Co, Mn. Or, Fe, V, and aluminum. 
Lithium nickel complex oxide for lithium secondary battery positive active material which primary 
particles whose mean particle diameter is 1 micrometer - 8 micrometers will condense, and will 
form secondary particles whose mean particle diameter is 5 micrometers - 30 micrometers and 
in which voidage of this secondary particle will be 30% or less. 

[Claim 2]The lithium nickel complex oxide for lithium secondary battery positive active material 
according to claim 1 whose voidage of said secondary particle mean particle diameter of said 
primary particle is larger than 2 micrometers, and is not less than 10% of 20% or less. 
[Claim 33Empirical formula Li^^yAynickel^^^M^^Og (A) One or more sorts chosen from an alkaline 
metal except Li. and alkaline-earth metals; M, It is expressed with more than 1 sort;0<x<=1 ;0 
<=:y<=0.2;0<x-y<=1 ;x+y<=1 ;0 <=z<=0.5 chosen from among Co, Mn. Cr. Fe, V. and aluminum, A 
lithium secondary battery which contains lithium nickel complex oxide which primary particles 
whose mean particle diameter is 1 micrometer - 8 micrometers will condense, and will form 
secondary particles whose mean particle diameter is 5 micrometers - 30 micrometers, and in 
which voidage of this secondary particle will be 30% or less as positive active material. 



[Translation done.] 



http://www4JpdLinpitgojp/cgi-bin/tran_web_cgi.ejje?atw.u=http://www4.ipdL 2008/05/09 



JP,2001-085006,A [DETAILED DESCRIPTION] 



1/11 ^— V 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So tlie translation may not reflect the original 
precisely. 

2, ^^^ shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Inventlon]This invention relates to the positive-active-material material of the 
lithium secondary battery using the occlusion and the breakoff phenomenon of the lithium ion, 
and the lithium secondary battery using it. 
[0002] 

[Description of the Prior Art]Since it says that it is high energy density as a power supply used 
for these apparatus in the field of an information related equipment and communication 
equipment with the miniaturization of a personal computer, a video camera, a cellular phone, etc., 
a lithium secondary battery is put in practical use and it has come to spread widely. By one side, 
also in the field of a car. development of an electromobile is hurried from the environmental 
problem and the resources problem, and the lithium secondary battery is examined also as a 
power supply for these electromobiles. 

[0003]As for the lithium multiple oxide used as the positive active material of a lithium secondary 
battery, LiCo02, LiNi02. and LiMn204 is well known as that from which 4V class operating 
potential is obtained. The rechargeable battery which uses LiCo02 for positive active material 
occupies the mainstream now from the reasons of the highest operating potential being obtained 
with easy composition also in these. 

[0004] However, since cobalt which is an element which constitutes LiCo02 is an element few 
very expensive as resource quantity, it is a major factor which pushes up the cost of a lithium 
secondary battery. In therefore, the case so that a lithium secondary battery may be used as a 
power supply for electromobiles, for example. From needing big capacity, a lot of positive active 
material must be used, and it is thought that the lithium secondary battery which used expensive 
LiCo02 for positive active material is very difficult to put in practical use. 
[0005]LiNiO2 is expected instead of this LiCoOg. Since cheap nickel is used as a composing 
element as compared with cobalt, it excels in a cost aspect and is expected as what can 
constitute a practical mass cell from a point of being equal to LiCoOg in theoretical service 

capacity. 

[0006] However, the lithium secondary battery which used LiNi02 for positive active material 
produced big capacity lowering from factors, such as collapse of a LiNi02 crystal structure, as it 
piled up the charging and discharging cycle, and it became bad [ what is called a cycle 
characteristic ]. Then, improvement from various directions, such as improvement from use 
sides, such as improvement from the presentation side that other elements replace some 
composing elements of LiNi02, improvement from the particulate structure side of adjustment of 
particle diameter, and a charging and discharging method, is considered now for Hitoshi Kougami 
of a cycle characteristic. 

[0007]Generally the primary particles which have very small particle diameter condense the 
lithium nickel complex oxide which makes LiNiOg basic composition, and it forms secondary 
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particles. 

Lithium nickel complex oxide with such a particulate structure is used as positive active material. 
As art which tries the characteristic improvement of lithium nickel complex oxide from a 
particulate structure side, the art shown in JPJ-183047A JP,9-129230A JP,10-72219A etc. 
exists, for example. 

[0008] • ^ ^ 

[Problem(s) to be Solved by the Inventlon]however, any of the above-mentioned art — although 
— it is the art which regulates the primary particles of lithium nickel complex oxide to a thing as 
small as 0.1-3 micrometers, and will not be able to become effective to an improvement of the 
cycle characteristic of a lithium secondary battery. 

[0009]Lithium nickel complex oxide changes the particulate structure by repeating big expansion 
and contraction in connection with charge and discharge. That is, as a result of a big volume 
change, the primary particles in secondary particles have the condensation solved, and 
secondary particles carry out minuteness making. The electron conductivity of an active material 
will fall by the minuteness making of this secondary particle, and the capacity of a lithium 
secondary battery will decrease because the internal resistance of an anode increases. 
[0010] An object of this invention is to solve the problem of the cycle characteristic of the 
above-mentioned conventional lithium secondary battery, especially the cycle characteristic 
resulting from positive active material. By rationalizing the presentation and particulate structure 
of lithium nickel complex oxide used as a positive pole active material, it is making into the 
technical problem to provide the lithium secondary battery with a good cycle characteristic 
whose service capacity it is cheap and is large. 
[0011] 

[Means for Solving the Problem] Lithium nickel complex oxide for lithium secondary battery 
positive active material of this invention. Empirical formula U^_yAynickel^_^M^02 (A) One or more 
sorts chosen from an alkaline metal except Li, and alkaline-earth metals; M. It is expressed with 
more than 1 sort;0<x<=1;0 <=y<=0.2;0<x-y<=1;x+y<=1;0 <=z<=0.5 chosen from among Co, Mn, Cr, 
Fe, V, and aluminum. Primary particles whose mean particle diameter is 1 micrometer - 8 
micrometers will condense, secondary particles whose mean particle diameter is 5 micrometers - 
30 micrometers will be formed, and voidage of this secondary particle will be 30% or less. 
[0012]That is, lithium nickel complex oxide of this invention. In basic stratified halite structure 
lithium-nickel-complex-oxide LiNiO^. a crystal structure is first strengthened by the other 
elements' M. such as Go's, replacing a part of the nickel site, or replacing a part of Li site by the 
other elements A, such as an alkaline metal. 

[0013]And in a particulate structure which primary particles condense and forms secondary 
particles, lithium nickel complex oxide of this invention replaces primary particles to constitute 
with the conventional particles, and makes them what has comparatively big particle diameter. 
By this, minuteness making of secondary particles by repeating charge and discharge was 
controlled, and a fall of electron conductivity as positive active material is prevented. 
[0014]In lithium nickel complex oxide of this invention, it makes it possible to keep high pack 
density of an active material in an anode by making voidage in secondary particles suitable by 
keeping density of the secondary particle itself high, and making particle diameter of secondary 
particles suitable. 

[0015]Even if these results are a case where cheap lithium nickel complex oxide is used for 
positive active material, service capacity can constitute a lithium secondary battery with a good 
cycle characteristic greatly. . a - i i 

[0016]Next a lithium secondary battery of this invention is empirical formula Li^^yAynickel^_ 

M^Og (A). One or more sorts chosen from an alkaline metal except Li. and alkaline-earth metals; 
M. ft is expressed with more than 1 sort;0<x<=1 ;0 <=y<=0.2;0<x-y<=1 ;x+y<=l ;0 <=z<=0.5 chosen 
from among Co. Mn. Cr. Fe, V, and aluminum. Primary particles whose mean particle diameter is 
1 micrometer - 8 micrometers condense, secondary particles whose mean particle diameter is 5 
micrometers - 30 micrometers are formed, and lithium nickel complex oxide in which voidage of 
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this secondary particle will be 30% or less is included as positive active material. 
[0017]That is, it is a lithium secondary battery which contains lithium nickel complex oxide of 
above-mentioned this Invention as positive active material, and by using this lithium nickel 
complex oxide, as for a lithium secondary battery of this invention, it is cheap and service 
capacity serves as large a lithium secondary battery with a good cycle characteristic. 
[0018] 

[Embodiment of the Invention]The embodiment of a lithium secondary battery which used the 
lithium nickel complex oxide for lithium secondary battery positive active material of this 
invention and it for below is described. 

[0019]<Llthium nickel complex oxide> the lithium nickel complex oxide of this invention. Empirical 
formula L»x-yAy"'°kel^_^M^02 (A) One or more sorts chosen from the alkaline metal except Li. 
and alkaline-earth metals; M is expressed with more than 1 sort;0<x<=1 ;0 <=y<=0.2:0<x- 
y<=1;x+y<=1;0 <=z<=0.5 chosen from among Co. Mn, Cr. Fe, V, and aluminum. What is expressed 
with empirical formula LljjnlckeI^_^M^02 which replaced a part of nickel site of what Is expressed 
with LINIO2 which Is basic composition by M, What Is expressed with Lijjnlckel^_^M1 ^^MZ ^Og 
(z1+z2=z) which replaced a part of nickel site by two sorts of M, the thing expressed with Li^ 
yAyNlOg which replaced a part of LI site by A, etc. are included. 

[0020]The value of x In the empirical formula when not having replaced by A, the abundance, i.e.. 
Li site, of Li in lithium nickel complex oxide, is set to 0< x<=1. When combining with the negative 
electrode using negative electrode active material In which lithium exists beforehand, such as 
metal lithium, x is good also as which value. When combining with the negative electrode using 
the negative electrode active material which does not contain lithium, such as a carbon material, 
it is desirable for x to become a value near 1. In the case of x> 1, since LI will replace also by 
nickel site and the capacity as positive active material falls, it is made into x<=1. When a part of 
Li site is replaced, it needs to be referred to as 0<x-y<=1 , and rate x+y which occupies, the sum 
total, i.e.. Li site, with that of Li and A, is set to x+y<=1 for the reason for the above. 
[0021 ]The substitution of Li site by A which Is one or more sorts chosen from the alkaline metal 
except Li and alkaline-earth metals aims at controlling collapse of the crystal structure by 
secession of Li. In stratified halite structure, the layer which consists of Li(s) exists between the 
layers which consist of O (oxygen). When Li secedes from LI layer, a crystal structure tends to 
collapse according to the electrostatic repulsive force of the oxygen layer of the both sides. 
Then, collapse of the crystal structure is controlled by making the role of the support which 
connects between oxygen layers play at the same time it weakens the electrostatic repulsive 
force between oxygen layers by replacing a part of Li site with an alkaline metal bulkier than Li 
and alkaline-earth metals. 

[0022]However. if the substitution rate of Li site by A is too large, in order that Li which 
contributes to a cell reaction may decrease too much, the value of y In the substitution rate by 
A, i.e., an empirical formula, is set to y<=0.2. 

[0023]The substitution of nickel site by M mainly attains stabilization of the crystal structure by 
the depressant action of a phase transition. That Is, in LINlOg of stoichiometric composition, 
although a crystal structure carries out a phase transition from a hexagonal system to a 
monocllnic system depending on the amount of secession of Li, it is the operation that this 
phase transition is controlled in adding a little other elements and replacing nickel site. Although 
the substituted element M is chosen from among Co, Mn, Cr, Fe, V, and aluminum, since it is 
effective In raising an oxidation-reduction potential also in them, it is desirable to choose Co. It 
is because multiple oxide Li(Co, nickel) Og obtained is a total dissolved type, it has little 
generation of the subphase of rock salt type structure and there is also an advantage of 
minimizing a crystalline fall In it. while suppressing the capacity lowering by element substitution 
to Co. While the substitution by aluminum suppresses the decomposition reaction of the active 
material accompanying oxygen discharge and raises thermal stability. The effect of making 
electron conductivity increasing and raising a rate characteristic and service capacity can also 
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be used as the lithium nickel complex oxide which has the presentation of Li^nickel,_ 
^Co^^aluminum^2'^2 ® certain thing. 

[0024]The value of z in the rate, i.e., an empirical formula, of making nickel site replacing by M is 
set to z<=0.5. When exceeding 0.5, it is because the 2nd phase, such as not only the thing of 
stratified halite structure but Spinel structure, generates. The range which is excellent with the 
characteristics, such as a cycle characteristic and service capacity, is set to 0.1<-z<-0.3. When 
replacing with aluminum, in order to bring about the capacity lowering of an anode, it is desirable 
to set the substitution rate to z<=0.2. 

[0025]The lithium nickel complex oxide of this invention is stratified halite structure, and it is 
desirable for the crystallinity to be high. The subphase of the cube halite structure called what is 
called a halite domain generates stratified halite structure lithium nickel complex oxide by the 
manufacturing process. According to powder X-ray diffraction analysis, the diffraction peak of a 
field (104) is obtained by diffraction of both stratified halite structure and cube halite structure 
to the diffraction peak of a field (003) being peculiar of regular arrangement stratified halite 
structure, therefore, the ratio of intensity Iqq^ of the diffraction line of a field (003). and intensity 
1^04 of the diffraction line of a field (104) — if I003/I104 measured, tiie content ratio of cube 
halite structure can be presumed. That is. if the value of I0Q3/I104 becomes large, the single 
phase of stratified halite structure will be approached, and if it becomes small, the abundance of 
cube halite structure will become large. It is desirable to specify the content ratio of the cube 
halite structure in stratified halite structure, and for intensity ratio 1003^^104 this diffraction 
line to become 2.0 or less [ 1.3 or more ] in the lithium nickel complex oxide of this invention. 
[0026]In the lithium nickel complex oxide of this invention, if the particulate structure is 
expressed typically. It will become like drawing 1 . Drawing 1 shows one secondary particle. This 
secondary particle 2 is formed when the primary particles 1 condense. And the primary particles 
1 are not necessarily stuck without a crevice, and the secondary particles 2 have the opening 3. 
The primary particles 1 are in the state near a single crystal, and the slash of the figure shows 
the crystal orientation notionally. 

[0027]The lithium nickel complex oxide of this invention makes the particle diameter of primary 
particles comparatively larger than before. When secondary particles collapse in connection with 
charge and discharge, it dissociates in the grain boundary of primary particles. When primary 
particles are small, the primary particles which carried out minuteness making of the secondary 
particles, and existed near the center of secondary particles have a large degree which has 
electronic conduction with the outside of secondary particles severed. However, when primary 
particles are large, even if it is the primary particles which can avoid the minuteness making of 
secondary particles and exist in the central part of secondary particles, the degree which has 
electronic conduction with the outside of secondary particles severed is small. Therefore, also 
by repetition of charge and discharge, the electron conductivity of the anode itself can be kept 
good, it becomes possible to control the increase in the internal resistance of a cell, and the 
cycle characteristic of a lithium secondary battery can be made good. 

[0028]Although it is having become clear in the experiment, in the lithium nickel complex oxide of 
this invention, that primary particles shall be 1 micrometer - 8 micrometers with the mean 
particle diameter makes good the cycle characteristic of the lithium secondary battery using the 
lithium nickel complex oxide as positive active material. The range which becomes better [ a 
cycle characteristic ] is a range which exceeds 2 micrometers with mean particle diameter, and 
the range which becomes the best is a range set to 3 micrometers - 5 micrometers with mean 

particle diameter. . . „ j 

[0029]With the voidage of secondary particles, the two-dimensional value originally measured 
from the surface ratio of the primary particles' existence portion and the portion of an opening 
which are the volume of the opening occupied to the inside of the volume on the appearance of 
secondary particles is adopted. [ in / be / it / under / this / specification / setting / although 
said comparatively (percentage) / the section of secondary particles ] Voidage is delicately 
connected with the particle diameter of primary particles, and the particle diameter of primary 
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particles is in the tendency which takes for becoming large and becomes large. In relation to the 
primary particle diameter of a mentioned range, voidage is made into 30% or less with the lithium 
nickel complex oxide of this invention. When voidage is too large, it is desirable to make voidage 
into 30% or less also from becoming the density fall of lithium nickel complex oxide itself, and cell 
capacity decreasing too much. It is desirable for a cycle characteristic to consider it as 20% or 
less not less than 10% as a range which becomes better. 

[0030]It relates to the particle diameter of the above-mentioned primary particles delicately, and 
the particle diameter of secondary particles also has the particle diameter of secondary particles 
in the tendency which becomes large. If the particle diameter of primary particles becomes large. 
In relation to the primary particle diameter of a mentioned range, secondary particle diameter 
shall be 5 micrometers - 30 micrometers with the mean particle diameter with the lithium nickel 
complex oxide of this invention. If secondary particle diameter is too large, the pack density of 
the active material in an anode will decrease too much, and the capacity of a lithium secondary 
battery will become small. If secondary particle diameter is too small, when the quantity of the 
binder which binds positive active material increases and energization resistance of an anode 
increases, the capacity of a lithium secondary battery will become small. Also in order to 
consider it as a lithium secondary battery with big capacity, it is desirable to make secondary 
particle diameter into a mentioned range, that the shape of secondary particles is spherical since 
it says that a reaction usable area is made into the maximum, or an ellipse — a spherical thing is 
desirable. 

[0031]About primary particle diameter, the value which the mean particle diameter of secondary 
particles is laser diffractometry, and calculated the value measured by observation by a scanning 
electron microscope (SEM) is adopted. The value which observed the section of the lithium 
nickel complex oxide embedded to resin by SEM is used for the voidage of secondary particles. 
[0032] Especially the lithium nickel complex oxide of this invention limits the manufacturing 
method, and should just manufacture it with foil and an already publicly known manufacturing 
method. The manufacturing method of the lithium nickel complex oxide expressed with empirical 
formula Li^nickel^^^M^Og is hung up over below as an example of a manufacturing method. 
[0033] First, the solution in which the nitrate which uses nickel nitrate and M as a positive ion 
was mixed and dissolved at a rate that nickel and M become 1-z:z by a mole ratio is heated in 
temperature of 40-80 Subsequently, stirring this solution, sodium hydroxide solution is 
dropped, it adjusts so that pH may be set to 8.5-1 1.5. and compound hydroxide of nickel and M 
is made to coprecipitate. The obtained multiple oxide and lithium carbonate are mixed at a rate 
that (nIckel+M) and Li are set to 1:1 by a mole ratio, and this mixture is calcinated for 2 to 15 
hours among the atmosphere or an oxygen current and under the temperature of 700-1000 **. 
By such a method, the lithium nickel complex oxide expressed with empirical formula Li^nickel^_ 

z^z^2 compoundable. 

[0034]When compounding with a described method, the particle diameter of the primary particles 
of lithium nickel complex oxide can be changed by the pH adjustment at the time of making 
compound hydroxide mainly coprecipitate. Primary particle diameter will become large, so that 
primary particle diameter is so small that a pH value is small and a pH value is large. The 
temperature of the solution in the case of multiple oxide coprecipitation also influences primary 
particle diameter, and primary particle diameter will become big. so that the temperature is high. 
According to the described method, although determined in relation to primary particle diameter, 
the secondary particle diameter can accept necessity, can be ground or classified using a 
publicly known means, and can also obtain the thing of desired secondary particle diameter. 
[0035]<Lithium secondary battery> The lithium secondary battery of this invention is a lithium 
secondary battery which contains the lithium nickel complex oxide of above-mentioned this 
invention as positive active material. One embodiment of the lithium secondary battery of this 
invention is described below. The lithium secondary battery of this invention is not limited to this 
embodiment, and what is necessary is just to already constitute it combining a publicly known 
component except for the lithium nickel complex oxide contained as positive active material. 
Generally, a lithium secondary battery is constituted considering an anode, a negative electrode. 
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and nonaqueous electrolyte as the main components. What is necessary is just to follow this 
general composition also in this lithium secondary battery. 

[0036]An anode mixes a conducting material and a binder to the powdery part of the above- 
mentioned lithium nickel complex oxide used as positive active material. Spreading desiccation of 
what added the suitable solvent and was used as paste state anode laminated wood is carried 
out in the collector surface made from metallic foils, such as aluminum, and what was 
compressed and formed can be used in order to raise electrode density if needed. A conducting 
material is for securing the electrical conductivity of an anode, and what mixed one sort of 
carbon substance powdery parts, such as carbon black, acetylene black, and black lead, or two 
sorts or more can be used for it. The binder can play the role which ties an active material 
particle and conducting material particles, and thermoplastics, such as fluorine-containing resin, 
such as polytetrafluoroethylene, polyvinylidene fluoride, and fluorocarbon rubber, polypropylene, 
and polyethylene, can be used for it. As a solvent which distributes these active materials, a 
conducting material, and a binder, organic solvents, such as N-methyl-2-pyrrolidone, can be 
used. 

[0037]In order to obtain the lithium secondary battery of not only the mode that uses only the 
lithium nickel complex oxide of above-mentioned this invention as positive active material but 
the desired characteristic in the lithium secondary battery of this invention, It is also possible to 
consider it as the mode using already publicly known active material materials, such as a lithium 
cobalt multiple oxide and a lithium manganese multiple oxide, and the compound active material 
material made to compositeHze as positive active material. 

[0038]Metal lithium, a lithium alloy, etc. can be used for negative electrode active material. When 
using these metal lithium for a negative electrode, there is possibility of a deposit of the dendrite 
to a negative electrode surface by the charge and discharge repeated, and we are anxious about 
the safety of a rechargeable battery. For this reason, it is desirable to use for negative electrode 
active material the carbon material which can emit [ occlusion and ] lithium. The powdery part of 
graphitizing carbon, such as organic compound baking bodies, such as natural graphite, a 
spherical or fibrous artificial graphite, nongraphitizing carbon, and phenol resin, and corks, can be 
mentioned to the carbon material which can be used. There is each advantage in the carbon 
material used as negative electrode active material, and it should just choose it as it according 
to the characteristic of the lithium secondary battery which it is going to produce. 
[0039]Among these things, since true density is highly excellent in conductivity again, natural 
and artificial black lead has the advantage that capacity can constitute a lithium secondary 
battery with good power characteristics greatly (an energy density is high). When producing the 
lithium secondary battery which harnessed this advantage, the high crystalline thing of the black 
lead to be used is desirable, spacing d^^2 ^ ^'^^ '® ^^^^ 

microcrystal thickness Lc of c shaft orientations to use a not less than 1000A thing. The 
artificial graphite can heat-treat and manufacture graphitizing carbon at a not less than 2800 ** 
elevated temperature, for example. The microsphere (meso carbon micro beads: MCMB) etc. of 
the optical anisotropy acquired in the process in which corks and pitches are heated at around 
400 ** can be mentioned to the graphitizing carbon used as the raw material in this case. 
[0040]Graphitizing carbon is what used as the raw material the tar pitch generally obtained from 
petroleum or coal, and corks, MCMB, mesophase pitch system carbon fiber, pyrolysis vapor- 
phase-epitaxy carbon fiber, etc. are mentioned. Organic compound baking bodies, such as phenol 
resin, can also be used. Since graphitizing carbon is a cheap carbon material, it can serve as 
negative electrode active material which can constitute the lithium secondary battery excellent 
in the cost aspect. Also in these, if corks are low cost, and have the advantage that capacity is 
also comparatively large and this point is taken into consideration, it is desirable to use corks. 
When using cori^s, spacing d^^g of a field (002) is not less than 3.4A, and it is good for the 
microcrystal thickness Lc of c shaft orientations to use a thing of 30A or less. 
[0041]Nongraphitizing carbon is a carbon material which is called what is called hard carbon and 
represented by glassy carbon and which has a near structure amorphously. It is the material 
produced by generally carbonizing thermosetting resin, and is the material in which black lead 



http://www4.ipdl.inpit.gojp/cgi-bin/tran.web.cgi^ejje?atw^u=http%3A%2F%2Fwww4.i... 2008/05/09 



JP,2001 -085006 A [DETAILED DESCRIPTION] 



7/11 ^—Zy 



structure does not progress even if it maizes heat treatment temperature higli. If there is an 
advantage that safety is high and low cost comparatively In nongraphitizing carbon and this point 
Is taken Into consideration, it is desirable to use nongraphitizing carbon as negative electrode 
active material. Specifically, a phenol resin baking body, polyacrylonitrile system carbon fiber, a 
pseudo-lsotropic carbon, a furfuryl-alcohol-resin baking body, etc. can be used, for example. 
More desirably, spacing of a field (002) is not less than 3.6A. and It Is good for the 
microcrystal thickness Lc of c shaft orientations to use a thing of 100A or less. 
[0042]One sort of things can also be independently used for the above, black lead, graphltizing 
carbon, nongraphitizing carbon, etc.. and they can mix two or more sorts and they can also be 
used for them. It is the purpose of restricting occlusion and the lithium volume emitted to the 
lithium nickel complex oxide which is positive active material, and making a cycle characteristic 
better as a mode which mixes two or more sorts, for example securing the safety at the time of 
overcharge. The case where the mixture of black lead and the carbon material which 
graphltlzatlon of nongraphitizing carbon, graphltizing carbon, etc. is not following is carried out 
can be illustrated. What is necessary is for the balance of a cycle characteristic and service 
capacity just to determine both mixture ratio, when using for negative electrode active material 
the mixture of black lead and the carbonaceous material which graphitlzation Is not following. 
[0043]When using a carbon material for negative electrode active material, a negative electrode, 
A binder is mixed to the powdery part of this carbon material, and a suitable solvent is added if 
needed, and what was used as paste state negative-electrode laminated wood is applied to the 
collector surface made from metallic foils, such as copper, like an anode, and it dries, and forms 
by raising the density of negative-electrode laminated wood with a press etc. If needed after 
that. As a binder, organic solvents, such as N-methyl-2-pyrrolidone, can be used for fluorine- 
containing resin, such as polyvlnylldene fluoride, etc. as a solvent like an anode. 
[0044]The separator fastened between an anode and a negative electrode can separate an 
anode and a negative electrode, and can hold an electrolysis solution, and thin fine porous 
membrane, such as polyethylene and polypropylene, can be used for it. Nonaqueous electrolyte 
dissolved lithium salt which is an electrolyte in the organic solvent, and as an organic solvent, An 
aprotic organic solvent, for example, ethylene carbonate, propylene carbonate. One sort or these 
two sorts or more of mixed liquor, such as dimethyl carbonate, diethyl carbonate, ethyl methyl 
cariaonate, gamma-butyrolactone. acetonitrile. 1 ,2-dimethoxyethane, a tetrahydrofuran. 
dioxolane, and a methylene chloride, can be used. As an electrolyte in which it is made to 
dissolve, lithium salt, such as Lil. LiCIO^, LiAsFe. LiBF^, LiPFg, and LINCOFgSOp can be used. 
[0045]The shape can be made into various things, such as cylindrical, a lamination type, a coin 
type, and a card shape, although it is a lithium secondary battery which is the above thing and is 
constituted. Even if it is a case where which shape is taken, make a separator fasten to an 
anode and a negative electrode, and it is considered as an electrode body. And the between to 
the positive pole terminal and negative pole terminal which pass outside from a positive pole 
collector and a negative pole collector can be connected using the lead for current collection, 
etc., this electrode body can be sealed to a cell case with nonaqueous electrolyte, and a lithium 
cell can be completed. 

[0046] J . u 

[Example]Based on the above-mentioned embodiment, lithium nickel complex oxide with various 
primary particle diameter, secondary particle diameter, and voidage was compounded. After 
measuring the particulate structure of each lithium nickel complex oxide, each lithium secondary 
battery using these as positive active material was produced, the charge-and-discharge cycle 
test was done to each rechargeable battery, and the cycle characteristic of each rechargeable 
battery was evaluated. Hereafter, these are explained. . ^xa ^ n 

[0047]<Example 1> The mixed water solution which mixed nickelCNOg) ^ solution of 1M and Oo 
(NO3) 2 solution of 1M so that it might be set to nickel:Co=85:15 by a mole ratio was prepared. 
This mixed water solution was heated at 40 **, and that temperature was held. The NaOH 
aqueous solution of 1M was dropped at this heated mixed water solution, and the nickel cobalt 
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compound hydroxide in which a presentation serves as nickelg Q^CoQ^^COH) ^ was made to 
coprecipitate in it until it was set to pH=8.5. After rinsing the compound hydroxide which 
coprecipitated and shone and drying, weighing of this compound hydroxide and the LiCCOg) ^ was 
carried out so that it might be set to :(nickel+Co) Li=1:1 by a mole ratio, and ethanot wet 
blending was carried out with the ball mill made from silicon nitride. Subsequently, this mixture 
was heat-treated among an oxygen current and under the temperature of 900 ** for 1 0 hours, 
and the lithium nickel complex oxide expressed with empirical formula LiNig ggCoQ^gOg was 
compounded. This lithium nickel complex oxide was used as the lithium nickel complex oxide of 
Example 1. 

[0048]<Example 2 ~ example 5> Although it is the lithium nickel complex oxide compounded 
through the same process as the case of the above-mentioned Example 1. It Is the lithium nickel 
complex oxide of the same presentation as the thing of Example 1 which compounded the pH 
adjustment at the time of making it coprecipitate from the nickel cobalt compound hydroxide 
obtained as 9.0, 10.0, 1 1.0. and 1 1.5, respectively. Each lithium nickel complex oxide was used as 
the lithium nickel complex oxide of Example 2 - Example 5. 

[0049]<Examples 6-1 0> Although it is the lithium nickel complex oxide compounded through the 
same process as the case of the above-mentioned Example 1, It is the lithium nickel complex 
oxide of the same presentation as the thing of Example 1 which compounded the pH adjustment 
at the time of making the temperature of the solution at the time of making it coprecipitate hold 
and coprecipitate at 80 ** from the nickel cobalt compound hydroxide obtained as 8.5. 9.0. 1 0.0, 
1 1.0, and 1 1.5, respectively. Each lithium nickel complex oxide was used as the lithium nickel 
complex oxide of Example 6 Example 10. 

[0050]<The comparative example 1 - comparative example 4> Although it is the lithium nickel 
complex oxide compounded through the same process as the case of the above-mentioned 
Example 1. The lithium nickel complex oxide of the same presentation as the thing of Example 1 
was obtained by compounding the pH adjustment at the time of making the temperature of the 
solution at the time of making it coprecipitate hold and coprecipitate at 40 ** from the nickel 
cobalt compound hydroxide obtained as 8.0 and 12.0, respectively. Each lithium nickel complex 
oxide was used as the lithium nickel complex oxide of the comparative example 1 and the 
comparative example 2. The lithium nickel complex oxide of the same presentation as the thing 
of Example 1 was obtained by compounding the pH adjustment at the time of making the 
temperature of the solution at the time of making it coprecipitate hold and coprecipitate at 80 ** 
from the nickel cobalt compound hydroxide obtained as 8.0 and 1 2.0, respectively. Each lithium 
nickel complex oxide was used as the lithium nickel complex oxide of the comparative example 3 
and the comparative example 4. 

C0051]<Measurement of a particulate structure etc.> Intensity ratio Ioo3/Ito4 of the diffraction 
line by the mean particle diameter of primary particles of the lithium nickel complex oxide of the 
above-mentioned Example 1 - Example 10 and the comparative example 1 - the comparative 
example 4, the mean particle diameter of secondary particles, the voldage of secondary particles, 
and an X diffraction was measured. Measurement was performed by the method explained by the 
paragraph of the above-mentioned embodiment. A measurement result is shown in the following 

table 1. ... J 

[0052]<Productlon of a lithium secondary battery> The lithium secondary battery which used 
each lithium nickel complex oxide of the above-mentioned example and the comparative example 
for positive active material was produced. 

[0053]An anode uses each lithium nickel complex oxide as positive active material. First, to this, 
as a conducting material, as acetylene black and a binder, polyvinylidene fluoride is mixed so that 
it may be set to 85:5:10 by a weight ratio, Add optimum dose of N-methyl-2-pyrrolidone, and 
obtain paste state anode laminated wood, and apply this anode laminated wood to both sides of 
the 20-micrometer-thick positive pole collector made from aluminum foil, and it dries. After 
making it metsuke amount serve as 16 mg/cm^ by both sides, the roll press was carried out so 
that anode laminated wood density might serve as 2.5 g/cm^, and the sheet shaped thing was 
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produced. 

[0054]A negative electrode uses a graphitization mesophase microsphere {MCMB25-28: made by 
Osaka Gas) as negative elec^ode active material. First, to this, as a binder, polyvinylidene 
fluoride is mixed so that it may be set to 95:5 by a weight ratio. Add optimum dose of N-methyl- 
2-pyrrolidone. and obtain paste state negative-electrode laminated wood, and apply this 
negative-electrode laminated wood to both sides of the 1 5-micrometer-thick negative pole 
collector made from copper foil, and It dries. After making it metsuke amount serve as 10 
mg/cm^ by both sides, the roll press was carried out so that negative-electrode laminated wood 
density might serve as 1.3 g/cm^. and the sheet shaped thing was produced. 
[0055]The positive electrode sheet and the negative electrode sheet were cut out in the 
predetermined size, respectively. It wound via the separator made from polyethylene, the 
electrode body was produced, subsequently to an 18650 type cell case, this electrode body was 
inserted with nonaqueous electrolyte, and the cell was completed. What dissolved LiPFg in the 
mixed solvent which mixed ethylene carbonate and diethyl carbonate by the volume ratio 1:1 by 
the concentration of 1 M was used for nonaqueous electrolyte. 

[0056]The lithium secondary battery which used the lithium nickel complex oxide of Example 1 
as positive active material was used as the lithium secondary battery of Example 1, and was 
used as the lithium secondary battery of Examples 2-10 and the comparative examples 1-4 like 
the following, respectively. 

[0057]<**** cycle test> To each lithium secondary battery of the above-mentioned example and 
a comparative example, the charge-and-discharge cycle test was done and the cycle 
characteristic was investigated. Under the environmental temperature of 60 ** in which the 
conditions of a charge-and-discharge cycle test are regarded as the maximum of the actual use 
temperature requirement of a lithium secondary battery. It shall charge by the constant current 
of 1 mA/cm^ to the charge final voltage 4.1V, the pause for 10 minutes shall be inserted, and it 
shall discharge by the constant current of 1 mA/cm^ to the discharge final voltage 3.0V. and 
shall make to make It stop for 10 minutes after that into one cycle, and this shall be repeated up 
to 500 cycles. 

[0058]It asked for the percentage of the service capacity of the 500 cycle eye to the service 
capacity of 1 cycle eye, and this was made into the capacity maintenance rate. The capacity 
maintenance rate of each lithium secondary battery of an example and a comparative example is 
shown in the following table 1 . 
[0059] 
[Table 1] 
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[0060]<evaluation> — clear from the above-mentioned table 1 — as — the lithium nickel 
complex oxide of Example 1 - Example 10 — both the mean particle diameter of primary 
particles the mean particle diameter of secondary particles and the voidage of an aggregated 
particle — although — it is the thing of the suitable range explained by the paragraph of the 
above-mentioned embodiment. 

As compared with the lithium secondary battery of the comparative examples 1-4, all show a 
high value in a capacity maintenance rate, and the lithium secondary battery of Example 1 - 
Example 1 0 can check having a good cycle characteristic. 
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[0061]The thing of Example 3, Example 4. and Examples 7-9 has a higher capacity maintenance 
rate also in the lithium secondary battery of Examples 1-10, The mean particle diameter of 
primary particles is larger than 2 micrometers, and it can check that the voidage of secondary 
particles is lithium nickel complex oxide which can constitute a lithium secondary battery with a 
good cycle characteristic by the case where it becomes 20% or less not less than 10%. 
[0062] 

[Effect of the Invention]The lithium nickel complex oxide of this invention is lithium nickel 
complex oxide of the above-mentioned mode which rationalized the presentation and particulate 
structure. 

The lithium secondary battery using such mode lithium nickel complex oxide as positive active 
material turns into a lithium secondary battery with a good cycle characteristic whose service 
capacity it is cheap and is large. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2j!¥*^^ shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

rOrawing 1]T he particulate structure of the lithium nickel complex oxide of this invention is 

shown typically. 

[Description of Notations] 

1 :1 St particles 2:2nd particles 3: Opening 



[Translation done.] 
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md»feSfSix€>iajsil±-Cfc5Alcj;5L i ■T-Y MOg 

iSv^T/i-;& y^«. 7^1^ y ±«&JST-L i ^ro- 
[0 0 2 2lfcfc'L. AtCiSL i f-'f hWgiaW^dS 

fcJ6. AlCiSSmi'l-^. o4 0MJ5K^C*(Oy©»4. 
ygO. 2i:i-5. 

[0 0 2 3] MlCj;5N i f-'f hOMifel4. ilC. ffi^ 
19 . -(k^i^afiKOL i N i O2 T-ft. L i <D 

a^5c*M(4. Co. Mn. Cr. Fe. V. A \(D o 
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^nx.^tth\^. nbivi>^^mit¥>JL i (Co, n 

i) 02j±^@^s-e&9v m^mmm(Dwm(D^mi!)^ 

^>fi < . ^^#©<£T tr^/MSJ- if * 5 i: V ^ 5 f iJ^fe t 

^SSrl^]±$-*5fcV^p^||ife5^i:*»f>. L i.N 10 
ii-. C o.i A 1.: 02<0ffi^«r'S"'f-5y^l?A::^S'-{r/V 

[0 0 2-4-1 N i f-'f K^M-CKIfe^-frSfiJ-^. 

te^SiC'froz (Ofi(4, z^O. 5ti-6o 0. 5^iS;t 

0. 3t?'£'5o *fc. A 1 -C?Smi-5*J-a-«. lESO^ 

5<7)dSa*LV'>. 20 
[0 0 2 5] *^B^<Dy ^^-'i'Any^^/l'^-g-Miktlli. 

(0 0 3) ffii^lHl*ft-^l4MIIJS2?IJ^«:^:^«3SW@ 
^©^>(DT-fo5<0tcMU-C, (1 0 4) ®«|ElJfff-;J' 

'^hfiio Ltzi^oX. (0 0 3) ®©Ih1W^®3S^I 

«o i (10 4) ffiKiilJff^©^^ I 104 i:«itI«B / 30 

10 0 2 61 *^0Joy =9-^J>.~y^JV^'^m^tmci6 

5. 01 fix lo©2i!>c^S^fr^U-CV>5. r«:D2?3c«t 
^2li. me^l^5^«1-?.rt(CioTfl^^$nT 
V^5„ ^UT. li^;fe^lf4|StPBli^i<^-*LTi/^5i^(t 
X'tK. 2^m'f-2\i. ^^M3i:^LX\>^^o 'StJ^ 1 

[0 0 2 7] *^?^(7)y^'?A-2'<>->'l'«^g?{t»(4, 
m.'f-(ri^^X'^m-t?>o ii!kifei^z)>/h^i'^^^. 2?);a 50 
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^immitL. 2 jik&^©*'L>#jai::#ffi Ltz 1 ?)c«L^^ 

2}SkM^i^t<Dn.^iKm-^mtzti?>m^\<^ii^±^ 

it^mi-f^:iti^X'^. 2d^m.^<D^'bu\c^^-r^ i 
i^m^xh^xh. 2mL^i^t(om^B^^i&tzi\.i> 

xi,iEm^i^om^Bm^i:§imc^-^zkt-x^. m 

[0 0 2 8] ^^T'0je>/!i^t/<e<>fcr i:T'fc5;a5, *^ 

9 /vwttoa^f i: ti^mmn.. ^im^x 2nm 

-C 3 M m~ 5 m i ^£ ^>l5ffl-e$) 5„ 
[0 0 2 9] 2?fe^^^CD^g^*tl4. 2i5cSL^W 

*) ^V^5>5^ *B^»»4>(-*5V^T^±. 2'mL^(o^m 

feai^Lfc2J!>C7cttS:«fflLTV^5» SPt^tt 

MicMau-c. if.^^m^)^'^j^=^y^f^^-^mimx 

0%eilTi:f'5rtdsa*l,V\ JteJb\ 

^■9 A»i:^£?.®Bi:U-C. 1 0 %£iJi 2 0 %WT i: 1" 

[00 3 0] 2 iSfcS^«^^-st>. ±iB 1 d^n^nu^f- 

mzmf^mm i •6:ML=i-<oi^=!-m^±^ < jfetttf 2 
5!>:Si^^icgaiti^-c. j^^pjwy^i^i^^s/^sr/wit-g-®^ 

^k#lT'{±. 2 ?fe!|&^gSr-?:0¥*&iK^-e 5 <x m~ 3 0 m 
mifSo 2i!>cS[-?ll^5:;'<:#1-t'?>ir. E^ilc^DttSg 
tillro^«^g;!i5j^'>Ll-#\ yf-[>Ai;2>:l:?iii«^ft 
755/h$<7'j:-5. ifc. 2^fcS^^^i45/^^-r#*^.i:. lE^ 

2'-m.=i-%^±.w.wSit-r^zti>m-^\^\'\ $ 

[00 3 1] /jr*3, 1 jScS^S(c:ov>TH. 

(SEM) (cJ;5li^tcJ;i9aiJ^Lfctt?r> 2?)c 



7 

[0 0 3 2] y ^ i> 5, ^/u^-tmitmt. 

[0 0 3 3] *-f> m^^y-^/i-irM^^-f^S-vt-rs 
mH^t^rN i tMt^J^/l'ttTl-z : zi?t5t'J-^ 10 

y-^ATk^^^STb. pH*S8. 5~11. 5t)&S 

$-arSo nhtitzu^mitmi:mmv^<>-i^t^. (n 

i +M) i: L i i: 1 : 1 i: *5 J: 5 J&WJ-a-T* 

0 0~1 0 0 0'C<DS.gT> 2~1 5B#Fflt^fiXi-5„ c 
5 ?i*ffif-J;oT> m^^L i . N i ... M. O2T* 

[0 0 3 5] <y^"?Az:^!)c«ft> *i§ejwy ^e^A- 
[0 0 3 6] iE@i4. jESSifeSt?s?.±fay^i:'i^= 
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[0 0 3 71 f£i6. *%P^©yf^^>A-?>C«?&Ti4. IE 

-^^mM 5 * t , y ^ A 3 /^/v h ^-^im. 

[ 0 0 3 8 ] ASSW-tt. ^My^!>i>.s y^-^A 

[0 0 3 9] z.h,h<Dh<^<oo-h. ?5^*JJ;tJ5A3t«ll 

9"-^^A-?fcfl;?ill^«lS:T:-#Si:VN5fiJ-^*5fo5, 
;^.«rS;6='Lfcy5^^'A-^)cS?til^^'^»i-5*^. fflv^5 
«0&f4, iS^ttroiSVNr t ;65M* L < . ( 0 0 2 ) ffiW 

ff^^^L c*Sl 0 0 0A£;l±(7)'bK)^IBV^5C0iiSj:V\ ti 
a. Aitlim. «S!lxL«. BlimttjKi^S:2 8 0 0^ 

m^AO 0'CmI#-C'iJPM1-5iiST-#p3n5*^^:&tt 
©/h*^|s: (p« y if n fc*— X : MCMB) ^ 

[0 0 4 0] BHIbMbtt^^ft. 

MCMB. 7< y^oi-xt'-yf-^^^e^t. sa^^iiMti 
^^mmmmim\ihf\^h. itz. 7^y~-;i^mmm 

tz V =f- A - t!>C«»Sr«^T'# ?. A@?§#3S i: ^£ "9 # 
^„ CnP>W4iT"b. a-J^T^lijg;:!;^ hT-fo"?Jtg?6*) 



(6) 



(0 0 2) ffiroffiFBlPSd«a ;aS3. 4AtAJbT-fo 

[0 04 1] iiH^^klt^^t Ji. v^i^^^S/^- K;(7- 

< bT^)ll^«5S>!i^%3tL^iV^W«•-C♦fc5„ Ha^-fbtt 10 

#:^?:fflv^?.Ct-45-Ct5o <l:»)M*L<f*. (0 0 
2) BC>EFBlP»d«B i4S3. 6A£i.±T*fe>9. ctt:fr(^ 
©^S^^ff^L cd5l 0 OA£iTWt.«5*fflV^5<0;6SJ; 

[0 0 4 21 ±IS. ^H^flitt^*. imi&'fbtt 20 

tr5S<* Loo, IElSS#)KT'fo 5 y ^ y ^/^^^-t 

[0 0 4 31 AS?§^W(--^«W*4^ffli/^§»^x mffi 

/Ky 7-;/{kfcr-yrv^<75^7s'*i&fl§^ 
[0 0 4 41 iEmb%u<om^^^^^i>-^^^^-9 

19, sKy^^^^V'^'. ^y7°Dt°uv^©»v^m#?LSIt: 
Y Tir h= h y /K 1, 2-v' 
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tt, L i K L i CI 0< . L i A s Fc . L i B F. , 
L i PFe. L i N (CF3 SO.) '.^<D]) -i^^^M 

[0 0 4 51 &.±<Dh<oxm]^^ixi>^ji-'^j^r.^mnL 

[0 0 4 6] 

<!i:St^*3 J; t/SRt^ ilrtoy^>>A=.-;/ ^;v^-^m 
<Sr^EKLfc. -^nmoyg^i^Aniy^/vlS-g-? 

fc-^nm»y^'>-^-*«?l!l?rf^i{b, 

p,^cou^TfiM•rSo 

[0 04 7] (^;te0i]l> IM^Ni (NO3) a*^^ 
IMCDCo (NO3) 27k^?gtlr, ^/Hfc-CN i : 
Co = 85 : 15tJ5:5<t5 t-ffi-g- Ufcig-§-7K^^S:Il 
Mbfco :i(?5il-g-7KS?g^4 CCIdiDfiU. -^-cTJiagSr 
f^i^Lfc, r:<D*P!l»iLfc|g-g-7K^«IC. pH=8. St 
/^•5*T\ IMc^Na OH7K^?K^«Tb. ffifife;i5N i 
Co.. IS (OH) ai:'t?.=-s'>^/w=>^<>'i'HS"a-7K 

Sfe, e^Ufc^s r©m^7!KSf^kifei:L i (CO,) 2b 
^yPit-e (N i +Co) : L i =1 : 1 

aST. 1 o^^^wmx^x. MmK^L i n i c o 
,.,5 03-c«$n5y5"i>A=y'^/i'ii'^gf^k^*'^fife 
Lfc, rroy ^'>A=:-;/'5-/u«^^^b*a«:iiiig0iji©y 

[0 04 8] (i^JstRi 2~iiiSfi»i 5) ±xm^m 1 

0. 10. 0. 11. 0, 11. bh\^XWz.^y^'^ 

n cMEiKro y ^ A =1 ?/ ^r/wit^^ikti-efe 5c ^ti^' 

[0 04 9] <*JSfia]6~ 1 0) ±fB*J6fi»l 1 (Om^t 
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U *«t$^t5^0pHraS^-?:nm8. 5, 9. 
0. 10. 0. 11. 0, 11. 5 tVX^it^^y^/l' 

1 0 0 5 0 1 amm i -itmm 4 > ±.fimmm i 
^fe^L. ^ib^'t^mo) pumm^tfi^'ns . o, i lo 

8. 0. 12. OfcLT#fc=yy;l'='/^/l-ba-^*^ 

j>.^y^/\^m.^m.im^. \m.m^. imm^oy^^ 20 
[00 5 1] m^mm^(om'^) ±K.mMm 1 -ute 

(Dm^xwi.m\.it:tmxn<}it, m^f^^^. tie^i 
10 0 5 21 < y ^ M.-d(.mm<oifm> ±timMmti 

[0 0 5 3] lE^ili. -fr^x-^r'tucoy ^^'A^-y-Jr/v^g^ 

-fe^ 5' t iiSiF^i t LtjK y 7 -y'fk If- y 7^ V 
^rfiSJfeS 5 : 5 : 1 Oi:/^5J:5l-^^-g'L^ ii*<^ 

2. 5 g/cm' t?'.CSJ:5(CD-/W7'V;^L-C. v'- 40 
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[0054] mS-fk^* y 73:-X/J^«^^i: (MC 

MB 2 5 - 2 8 : ^PSSSf®) ^AffiS#J^t U t. 
■f. ^ix(c^*»Ji tT^y^y^bt'^yr^/SrSilfc 
-e9 5 : 5iifS:?>i.0izm^^U ii»©N-p» f'/l'- 2 

-t°n!J h'>iM^X. ^~y^y^<DM^'kUi:n. - 

Km?Hi. ^jSLT, gfrfS/iSi^ffi-C'l Omg/cm'i 

J: 5 bfc^. i . 3 g/ c t 

[0 0 5 5] 3E@v'- h*5 i h ^^H^im 

itici 8 6 5 oam?i'>— ;^i-#^tT«;?fe 

fcjl-g-^lil^ L i P F . <^ 1 MO«^T^i» $ -Brfc W 

[0 0 5 6] fi^. 1 CD y f^'j'i^^ s/<;7-/v^-g-g^ 

2~io. itts^ji~4<oy^'?i»z:5!>cil?&t Lfc. 
[0 0 5 7] ^ jmm.) ±!B*»j*3 i tj^tfc 

4. 1 V4-eimA/cm'i7?Sl;»E-C-3t«5:ff>'\ 1 
/cm' (OS««ST'S5:«tr^TV^. -tf^ft 1 0 ^^feWi ^ 

itscit^if-'f'r^/i^t ::tt4r5 0 o•^^-^^'/^*T' 
M►)^gi-t)W^: bfco 

[0 0 5 8] lf-'l'^'/l'g<73*5cS*4l->(t-rS 5 0 01^ 
[0 0 5 9] 

[«i] 
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(8) 



i|#IB 2001-85006 
14 



It 
< 



9^ 



U 



mm B 



o 



eg 

00 



CO 
00 



o 



CO 



00 



CO 
CM 



00 



ID 



00 



o 

00 



OO 



CO 
00 



00 



OO 



CO 
OO 



00 



CO 
CM 



o 

OO 



m 



o 



to 



8$ 



CO 

CD 



[006 01 mm) Jiis* 1 t)^hmhA^^j: xo\z. % 

^■j7A-i!kl;!lk(±. itt!t«l~4(Dy 5"e7A-?fc«?tbi: 
[0 06 11 *ft«sii~i 0(ny 



50 



i t) < . 2 ?>c«t^OS|!^^{4 1 0 %ei J: 2 0 %eJlT 
[0 0 6 21 
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<yj^-^n.mt. sffiT&oT, sc€^*>45^# < 
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* [01] *iiPji^y^'>A=y>5-/i'm^i!{k^<ofe^ 

1 : 1 ^ni- 2 : 22>C&^=- 3 : ^Pt 
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